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Abstract-The effects of tangential friction at pin-hole interfaces are appropriately modelled for the 
analysis of fasteners in large composite (orthotropic) plate loaded along its edges. The pin-hole contact 
could be of interference, clearance or neat fit. When the plate load is monotonically increased. interference 
fits give rise to receding contact, whereas clearance fits result in advancing contact. In either case. the 
changing contact situations lead to non-linear moving boundary value problems. The neat fit comes out 
as a special case in which the contact and separation regions are invariant with the applied load level 
and so the problem remains linear. The description of boundary conditions in the presence of tangential 
friction. will depend on whether the problem is one of advancing or receding contact. advancing contact 
presenting a special problem. A model is developed for the limiting case of a rigid pin and an ideally 
rough interface (infinitely large friction coefficient). The non-linearity resulting from the continuously 
varying proportions of contact and separation at the interface. is handled by an “Inverse Formulation” 
which was successfully applied earlier by the authors for smooth (zero friction) interfacial conditions. 
The additional difficulty introduced by advancing contact is handled by adopting a “Marching Solution”. 
The modellinp and the procedure are illustrated in respect of symmetric plate load cases. Numerical 
results are presented bringing out the effects of interfacial friction and plate orthotropy on load-contact 
relations and plate stresses. 
1. INTRODUCTION 
Fasteners are the most common method of connecting components in engineering structures. 
Pin-in-a-hole is the basic mechanism used for load transfer through a fastener. A significant 
portion of the load is transferred through the pin bearing on the hole in the plate. This causes 
stress concentration in the plate which may consequently lead to failure of the structure. In 
composite structures, due to poor bearing strength of composites, adhesive bonding is generally 
preferred over fasteners. In spite of this disadvantage, fasteners become unavoidable in many 
situations. particularly when repeated assembly and disassembly is needed. Thus, it is necessary 
to understand the behaviour of fasteners in composites and make accurate estimates of stresses 
and deformations around the hole so as to give designers greater confidence to extensively use 
composites in primary structures. 
The pin-hole interface is designated as interference, neat or clearance fit depending on 
whether the pin diameter is larger than, equal to or smaller than the hole diameter. Two important 
factors influence the stress state around the pin-hole interface: (i) the area(s) contact between 
the pin and the plate. and (ii) the interfacial friction. Accurate estimate of stress state including 
both these factors is the main theme of the present investigation. 
Consider a large composite plate with interference, neat or clearance fit fasteners and 
ideally rough pin-plate interfaces. The plate is assumed to be loaded uniformly along its edges. 
Irrespective of the fit. the pin-hole interface exhibits a state of partial contact (and partial 
separation) above a threshold load. When the plate load is monotonically increased interference 
fit gives rise to receding contact problems, whereas clearance fit leads to advancing contact 
problems. For a neat fit. the threshold load is zero and the contact area is invariant with load. 
Thus the problem of neat fit is one of linear elasticity. But with interference and clearance fits, 
the extent of contact changes and approaches a limit asymptotically; the changing contact 
situations lead to non-linear moving boundary value problems. Analysis of such problems 
generally needs iterative techniques to determine the extent of contact for a given load. So, 
most of the earlier work using continuum approaches were limited to the linear neat fit problem 
even for the simpler case of smooth pin-hole interface. Very limited attempts[ l] were made to 
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analyze the non-linear problem of interference and clearance fits. A detailed review of such 
work is available in [2]. In recent years, considering ideally smooth (zero friction) interfacial 
tangential boundary conditions, such cases of movin g boundary value problems were analysed 
by the authors and their co-workers[2-61 using an “Inverse Formulation”. which avoids the 
need for iterative solutions. In this case, the extent of contact was progressively specified and 
the loads required to cause this contact configuration evaluated. The inverse formulation was 
shown to be very economical and effective for various cases of elastic or rigid pins in isotropic 
and composite domains. 
However, the introduction of non-zero friction changes the picture. Here too. there appear 
to be very few analytical attempts in the past. It appears that the only work so far on composite 
joints which considers partial contact and partial slip in the presence of finite friction is due to 
Oplinger and Gandhi[7, 81. They considered a neat fit pin in (i) an infinite plate, (ii) an infinite 
strip and (iii) a periodically repeated array in an infinite strip. This attempt was significant. but 
its scope was limited since it uses an elaborate iterative procedure, involving considerable 
computational effort. Sharfuddin[9] considered the problem of clearance fit with an ideally 
rough interface. But his formulation uses a boundary condition of zero tangential displacement 
in rough contact zone which is untenable for advancing contact problems. Ghadiali et a/[ lo] 
introduced friction into their finite element formulation to a limited extent. 
In this paper a continuum analysis is presented for the case of a rigid pin with ideally 
rough interface (infinitely large friction coefficient). The description of boundary conditions 
due to tangential friction depends on whether the problem is one of advancing or receding 
contact. In the current analysis, such effects of large tangential friction at the pin-hole interface 
are appropriately modelled. For an ideally rough interface the friction effects are as follows: 
When the plate in not in contact with the pin, the hole surface is free to deform, but whenever 
the pin and the plate establish contact, friction prevents any further tangential slip at the interface. 
Using this model and applying the “Inverse Formulation”, an analysis is developed for both 
advancing and receding contact problems for fasteners in composite plates. A ‘Marching So- 
lution’ is adopted for the advancing contact problem in clearance fits. Solutions are obtained 
through complex potentials of the orthotropic field within the limitations of plane stress, small 
displacement linear elasticity. Numerical results are presented bringing out the effects of in- 
terfacial friction and plate orthotropy on load-contact relations and plate stresses. 
2. CONFIGURATION. PARTIAL CONTACT AND FRICTION 
Consider a large orthotropic thin plate with a hole of diameter 2a filled with a rigid pin 
of diameter 2a( 1 + A) as in Fig. l(a). The parameter A, called the proportional interference, 
decides the fit of the joint to be either interference (X > 0) or neat (h = 0) or clearance (A < 0). 
The principal directions of orthotropy, labelled 1 and 2, coincide with the X-Y axes centered 
at the hole. E,, E2, G,2 and vIZ are the elastic modulii, shear modulus and Poisson’s ratio of 
the plate. Without any loss of generality we may designate E, > E,. 
The plate is loaded through a biaxial system S,, S, applied at the edges of the plate (far 
from the pin) and there is no net load on the pin (Fig. l(b)). The far field boundary conditions 
for this case can be written as 
Partial contact 
(a) Interferencefit. Consider an interference fit pin in the plate. When there is no load on 
the plate, there is an initial compressive stress around the hole due to the interference. Consider 
now an uniaxial stress applied to the plate edges (S, # 0, S, = S,, = 0). As this plate load is 
increased, the interfacial compressive stress is relieved at points A. B and is increased at points 
C, D (Fig. l(b)). At some stage, the compressive stresses at A, B become zero. Any further 
increase in load would cause the plate to separate from the pin, the area of separation pro- 
gressively spreading from A and B. This is a partial contact/partial separation configuration. 
With increasing load the extent of contact changes continuously resulting in a moving boundary 
value problem. 
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(b) 
Fig. 1. Configuration and boundary conditions. 
It is also possible to consider monotonically increasing biaxial loading with the stress ratio 
SJS, = K maintained constant. In such cases, separation would first occur at (A, B) or (C, 
D) depending on the biaxiality ratio (K) and again a moving boundary value problem results. 
(b) Clearancefit. In clearance fit problems, the pin is not in contact with the plate at zero 
load. When the plate is loaded by an uniaxial system, the hole deforms and at an appropriate 
load level, the plate comes into contact with the pin. Further increase in load causes a partial 
contact (partial separation) situation. 
The interference fit leads to receding contact and the clearance fit leads to advancing contact 
problems. In both these cases, the partial contact and changing boundary conditions with load, 
lead to non-linear variation of load-displacement characteristics. 
Friction 
In the absence of friction (JL = O), the pin-plate surfaces slip freely wherever they are in 
contact. The interfacial shear stress is zero and the load transfer between the pin and the plate 
is entirely through compressive radial stresses. The introduction of friction (p, # 0) changes 
the picture. A tangential shear resistance is generated along the contact area so that an additional 
path is now available for load transfer. The pin-plate surfaces slip relative to each other (wherever 
they are in contact) only when the frictional resistance is overcome by the tangential shear. 
After slip is initiated the interfacial shear stress is limited by the value of the frictional resistance. 
However, when frictional resistance is high (p. + x) this slip is prevented. The present paper 
deals with an indefinitely large coefficient of friction (ideally rough interface with p, * CQ), so 
that slip is totally inhibited in the region of contact. 
The presence of friction makes an essential difference in formulation and analysis between 
advancing contact and receding contact. Consider a monotonically increasing load with inter- 
ference fit. The interface starts with complete contact, achieves local loss of contact and then 
obtains progressively receding contact. Thus, at any stage of loading, at every point on the 
interface within the current zone of contact, the relative tangential displacement can be specified 
to be zero, while at every other point (in the current zone of separation) the stresses (a,, u,@) 
would be zero. With clearance fit the position is more difficult. Here, the pin and the plate 
surfaces are totally separated to start with and contact is established at a critical load level. 
Thereafter. at any point, once interfacial contact is achieved, it is maintained under increasing 
load. Thus, at any stage, at the point of transition from separation to contact, the displacement 
would be the total displacement acquired by that point upto that stage of loading. Thereafter 
the relative interfacial displacement at that point would be zero. When the pin is rigid, and the 
stress field is symmetric about the orthotropic axes, the implication is that the displacement at 
any point on the interface is frozen at the value achieved by it at the instant the plate and the 
pin establish contact at that point. In other words the boundary condition at each point in the 
current zone of contact is a function of the load at which contact was first established at that 
point. This description of the phenomenon provides a means for the mathematical modelling 
of advancing “partial contact” and for developing a technique to handle it. 
Boundan conditions at the interface 
A system of polar coordinates (Y, 8) is located at the center of the hole; cr,, cre, crrH denote 
radial. hoop and shear stresses. U. V the radial and tangential displacements, U,V the displace- 
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ments in ,r- , _v- directions. Let C denote that part of the hole periphery where pin and plate are 
in contact and S the remaining part where they are separated, so that (C + S) represents the 
entire hole periphery. The boundary conditions of the problem may be written as follows: 
U 2 aX, crrtl = 0, CT, = 0 in S (2a) 
U = ah, V = f(Q), (T, 5 0 in C (2b) 
where the function f(Q) is defined at any generic point Q belonging to C. f(Q) identically 
vanishes if the contact exists to start with at zero load and recedes with increasing load (6C < 0); 
but it is incrementally constructed if the contact is advancing (6C > 0). Due to its incremental 
construction, it would be appropriate to refer to this solution for advancing contact, as a 
‘Marching Solution’. 
3. METHOD OF SOLUTION 
The main feature of the problem is to find the extent of contact (or separation) at any 
specified load, with monotonically increasing load. In direct method of approach, one specifies 
a given load and iterates to determine the extent of contact. However, this would prove to be 
expensive, particularly when one is interested in the parametric study of load-contact behaviour 
of the problem. 
On the other hand, the problem could be conveniently inverted: Given an arc ofconract 
0, or arc of separation 0,, and the material and geometric parameters of the problem, what is 
the level of load (S,) (keeping S,lS, = constant) required to achieve this configuration? When 
the problem is posed in this manner, it is possible to develop a series of partial contact solutions 
without the necessity for expensive iterations. 
The governing differential equation for the composite plate could be written as: 
where F is an Airy stress function. A general solution of this is given by Lekhnitskii[ 1 l] and 
Savin[ 121 in the form 
F = 2 Re [F,(Z,) + F2(Z2)I (34 
where Z, = x + ip,y, j = 1, 2 and Pj’S are given by 
(3b) 
p, could be either complex or purely imaginary. For most orthotropic materials in practice the 
roots are unequal and purely imaginary. The stress function F is written in the form of potential 
functions 4,(Z,) = dF,ldZ, and 4?(Zz) = dFJdZz. The stress and displacement field could 
be determined from 4, and 4? as given in [ 111. In the current problem the form of complex 
potentials satisfying the governing differential equation (3) are written in a power series as 
d’j(Z,) = 4,,,(Z,) + 2 A,,,, 5;‘” (3c) 
,n = I
where 4,,, are functions selected to satisfy far field conditions, 6, is defined as 
5, = 
Z, + -\/z,z - a2 (1 - p’) 
a(l + P,) 
(34 
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and A,,, are constants to be determined so as to satisfy the boundary conditions Eq. (2) on pin- 
hole interface. 
(i) Interference fit: 
(a) Full contact solutions. In interference fit, at small loads, contact exists allround the 
hole periphery so that the radial displacement 7J = ah; further the infinitely large friction 
coefficient does not allow any tangential displacement, i.e. V = 0 at all points on the hole 
periphery. The problem reduces to that of a bonded inclusion in a plate to which closed form 
solutions are available[ 111. Specialising Eq. (3), the solution is explicitely written down as 
0, (Z,) = (ah/3 [e,(h - g,VL,l + i [(Z,/a) + hk, - gk(l + PI 
- P,)> el/5,)l~ez& + Jj [G/a) - big, - gde,?, + Pket - Pj)) e,lC,lPf aez S, (4) 
where 
e, = P2/P13 el = (g,hz - g,h,)-‘, ez = (pi - PY’, 
g, = -(P_f + v,z)iE,, A, = P, g,, j = 1, 2, k = 3-j. 
As the load increases, the initial radial compressive stress gets gradually released at some 
point(s) on the hole periphery and separation initiates at that point(s) when ur first becomes 
zero. From the symmetries in the problem, it can be seen that separation would initiate either 
at 0 = ~12 ? ~12 or at 0 = 5~12. Without any loss of generality, we consider only the 
loading cases which initiate separation at 0 = 7~/2 -C ~/2. From these solutions, the other 
cases could easily be derived using a simple coordinate transformation. The threshold level of 
the applied stress level (S,, S!) (at constant K) for onset of separation at 0 = 0, 7~ is given by 
A(%),, + %),h = C, (K),, = K(%),h (5) 
where 
A = n(1 + n) - e + vII, B = e’ - vIl (e 
C = (1 + n) - w,?le, S, = S,IE,h. S, = 
e = m, n = d2(e - v,J + E,IG12. 
+ n) 
S,IE,X 
For isotropic materials Eq. (5) reduces to 
(EhiS,),,, = (5 + v)l(3 - u) + K (1 - 3v)l(3 - V) 
confirming Eshwar[2] et ul.‘s findings. 
(b) Partial contucr solurions. At loads exceeding those given by Eq. (5), the contact is 
only over a part of the hole periphery and the contact goes on receding with load. The part of 
the hole periphery, separated from the pin, is free to deform. The contact configuration is 
specified by the angle 20, of the arc of separation (Fig. l(b)). Due to double symmetry only a 
quadrant of the plate is to be analysed. The complex potentials (Eq. 3) can now be written as 
0,(Z,) = i (S, + Pf S,) e2 Z, + 2 A,,, 5;“‘. 
m= I 
(6) 
In practice this infinite series is terminated at m = M. The constants A,,,, in the series are 
determined by satisfying the conditions 
u, = U,” = 0 in S (0 I 0 5 0,) 
u = ah. v = 0 in C (0, 5 0 5 n/2). 
(7) 
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These conditions are now satisfied numerically treating the load S,. also as an unknown along 
with the constants A,,,,. Simple equidistant collocation is found to be satisfactory for this purpose. 
By stipulating various values of 8,. solutions to various contact configurations are obtained. 
(ii) Clearance fit: 
(a) No contacr solutions. In a clearance fit, the problem is akin to that of a free hole in a 
plate until contact is established by load. The solution for a free hole in a large plate is well 
known. Here too, the contact would initiate either at 8 = In/2 or 8 = 1~12 t n/2 and it is 
sufficient to consider only the cases which initiate contact at 8 = rrri2. The load required to 
initiate contact at 8 = *n/2 is given by 
m Ai(S = K(e + 12) - 1 for S, = K, S, f 0 (84 
and for the particular cases of unidirectional loadings, the above equation reduces to 
m h/(S,),h = e + n for S, = 0, S, f 0 (8b) 
a XI(S,),h = 1 for S, # 0, S, = 0 (8c) 
(b) Marching solution for partial conruct. As the load is increased above the threshold 
value given by Eq. (8), the contact advances nonlinearly with load. Consider an incremental 
progress in contact A0,. at C. The stress state at the end of this increment can be obtained from 
the complex potentials Eq. (6) used for interference pin as yet satisfying only the far field 
loading conditions. The unknown load parameters (S,, S,) and the arbitrary constants are 
determined from the boundary conditions: 
ur = 0, CT,” = 0, 0 5 fl % (n/2 - At!),) (9) 
u = ah, v = A,(e), (n/2 - 110,) d 0 5 n12. 
At the end of first step, let the tangential displacements on the hole boundary be 
V = f,(0), 0 5 0 5 (n/2 - Ae,). (10) 
Further progress in contact upto 2A0, is obtained by replacing the tangential displacement 
boundary condition in Eq. (9) as 
- - he,) 
v 
(n/2 2A8,) 5 0 5 (rri2 
= 
(n/2 - A8,.) 5 0 5 n/2. 
(11) 
At the end of the nlh step, the boundary condition for tangential displacement is 
v= l I 
f,!-,(e), (T/Z! - nA0,) 5 t3 5 [n/2 - (n - l,M,l 
f,l_,(O) [n/2 - (n - l)A0,] 5 0 5 [n/2 - (n - 2)A8,1 
(12) . 
. 
f,,(O), (~12 - ho,) 5 0 5 rrl2. 
In all the steps of the “Marching Solutions”, the unknown parameters are determined by 
using a simple equidistant collocation. The convergence of such a technique is established by 
studying the solutions obtained with progressively decreasing increments of A0,. 
NUMERICAL RESULTS AND DISCUSSION 
Numerical computations are carried out for four different plate materials-MAT1 , MATZ, 
MAT3 and MAT4. The properties of these materials are given In Table 1. MAT1 is isotropic. 
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MAT No. MATERIAL El E2 G12 
-0 
12 
1 Isotropic 1.0 1.0 0.3846 0.3 
2 Nearly Isotropic 1.0 1.0 0.3800 0.3 
3 Boron-epoxy” 1.0 0.1375 0.0959 0.2601 
(60% epoxy by volume) 
4 Boron-epoxy” 1.0 0.2004 0.1191 0.2278 
(30% epoxy by volume) 
* Theoretically estimated on the basis of Ref. [13]. All values are 
normalized with El = 1.0 
MAT2 is “near Isotropic”, MAT 3 and MAT4 are two composite materials with orthotropic 
properties, E, > Ez. CASE I always refer to uniaxial loading in the direction of the stiffer axis 
and CASE II refers to uniaxial loading in the direction of the other axis. 
(i) Convergence study 
In each case, the convergence of the collocation procedure was checked by successively 
halving the interval between the collocation points. The transition point between contact and 
separation has four conditions to satisfy, viz. U = ah, V = f(C),), u, = 0, (T,~ = 0. However, 
it was found during computations that, prescribing all the four conditions leads to poor con- 
vergence and large boundary errors. Further, it was observed that relaxing the condition (T,~ = 0 
Table 2. Convergence with step size. Material: MAT3, parameter studied: S, /E,h. FlT: interference. loading: 
uniaxial tension S, = S,, 
2.8125 1.40625 
64 
0.0 0.2871 0.2871 0.2871 
11.25 0.2908 0.2919 0.2935 
22.50 0.3051 0.3085 0.3134 
33.75 0.3350 0.3433 0.3351 
45.0 0.3992 0.4204 0.4518 
56.25 0.5774 0.6578 0.8029 
2% 
m= 
is angle of separation 
M represents stage of truncation of the infinite series, Eqn. (6) 
Also, here M is the number of steps in a quadrant in the marching 
solution. 
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at the transition point led to good convergence. This could be attributed to the fact that large 
friction coefficient results in a sharp discontinuity of shear urH at the transition point due to a 
local singularity. When the condition on (T,~ = 0 is relaxed the error in u,” at the transition 
point was very large, but this error was found to be self-equilibrating. and fast-decaying. Hence 
these solutions were accepted. Table 2 shows typical trends of convergence in numerical sat- 
isfaction of boundary conditions for the case of uniaxial loading (S, = S,,. S, = 0). It is seen 
that the convergence is very good, except at large values of 8,. which require large values of 
load S,,IE,h. 
In the case of clearance fits, in addition to checking convergence of the collocation pro- 
cedure, one needs to establish the convergence of the “Marching Solution” as well. This was 
achieved by obtaining converged collocation solutions for decreasing step size of incremental 
contact; the step size was halved each time. Typical convergence trends are shown in Fig. 2. 
The convergence generally improves as the material properties approach near isotropy (E,/ 
E2 ---, 1). In any case for most practical materials. 10, = r/ 128 radian (64 steps in a full 
quadrant) appears satisfactory. Naturally for large loads (or small values of E,h/S,,) solution 
convergence for interference is superior to that for clearance. 
These convergence studies provide validation of the friction model. inverse formulation 
and marching solution. 
(ii) Intet$erence fit, initiation of separation 
The linear relationship Eq. (5) for the threshold biaxial loads for initiation of separation 
is plotted in Fig. 3, for an orthotropic composite (MAT4) was well as for isotropic material 
(MATl) with various Poisson’s ratios. The results for smooth interface[4] are also presented 
(by broken lines) to assist appreciation of the effects of friction. The suffix indicates the material. 
-I 8 1 MAT 0 0 
, E2IE1 I 0000 0 2OOL 
-20,t”:” 12 0 3800 3000 0 1191 2278
-2 2r 
Fig. 2. Converp~e of marching wlution for clearance fit 
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Fig. 3. Initiation of separation for interference fits. 
I CASE I /SMOOln 
CASE I/ ROUGH 
CASE II/SK)OTH 
CASE II/ROUGH 
\ 
-1 o- \ \ \ \ 
MAT @ 
\ 
\ 
\ 
-2 o- \ 
E,/E, = 0 2OoL \ 
\ 
G12/E,:0 1191 
A$: 2 8125’ FOR MARCHING 5OLbTlOhr 
IN CLEARA::: 7:: 
-3 J_ 3,z : 0 2278 
Fig. 4. Load contact behaviour for interference and clearance fits. 
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The line A; B; represents the threshold value of the load for initiation of separation at 
8 = 0 and 1~12 depending upon whether the line S,/S, ( = K. say 1:2 in the figure) first 
intersects A; B; or Cl 0;. The load level for initiation of separation is given by the point of 
intersection. Lines OG; and OH; are drawn parallel to A; B; and C; 0: respectively. These 
lines represent loading configurations below which separation is impossible. f.; is the intersection 
of A; B; and C; 0;. With loading ratio corresponding to L,, separation initiates simultaneously 
at 8 = 0 and n/2. It can be shown that such a situation implies to simultaneous ail round 
separation at the hole periphery. 
Further it can be observed from the figure that roughness delays separation. At all biaxial 
load ratios, separation initiates at higher load levels when interface is rough. 
(iii) Load contact behaviour: Uniaxial loading 
Further numerical studies are presented for the case of uniaxial tension (S, = S,,, S, = 0) 
in X-direction for MAT4. The loads computed for various angles of contact for interference 
and clearance fit are plotted in Fig. 4 using the normalized load parameter E ,X/S,,. The behaviour 
for smooth interface[4] is also shown for comparison. The curves illustrate typical nonlinear 
variation of contact with load. Presence of friction increases the area of contact at any given 
load. Its effect on stress concentration is considered in the following paragraph. The angle of 
contact for the neat fit is determined by the limiting value of E,hIS,, ---, 0. It is readily obtained 
from the E,hIS,, vs 0, curve for interference. 
(iv) Stresses 
Variation of maximum principal and shear stresses with load is shown in Fig. 5 for uniaxial 
plate tension S,r = S,. Smooth interface” behaviour is also shown by broken lines. 
An important observation on the effect of friction on maximum stresses is in order. It was 
felt earlier[2] that the effect of friction is to provide an additional load path due to shear and 
thus decrease the stress concentration. This simplistic view has been proved correct for pins in 
isotropic (metal) plates. An examination of rough and smooth interface curves in Fig. 5 shows 
that the behaviour is complex in composite (orthotropic) plates. For some ranges of loading the 
rough interface may cause greater maximum stresses than a smooth interface. 
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LOACJ So - 
Fig. 6. Schematic comparison of maximum stress in smooth and rough interface joints. 
With the interference fit, the stress gradient with load (do/dS) is smaller on a rough 
interface in the preseparation region but rises steeply in the post-separation region. Figure 6 
depicts the situation schematically. Structural joints are prone to fatigue failures. In fatigue do/ 
dS (the local stress variation with applied ioad) is often more important than the stress u itself. 
By this criterion a rough interface is advantageous when the joint is working in the preseparation 
region while in the post separation region. the advantage shifts from the rough to smooth 
interface as the operating load level is rised. The bonded interface retains the advantages of 
very low du/dS over the entire operating load range. Thus, wherever interface bonding is 
feasible, such bonding provides a means of very significantly increasing the fatigue life of the 
joint. 
CONCLUDING REMARKS 
ln this paper, effects of friction have been modelled for the analysis of partial contact in 
large composite plates with interference. neat or clearance fit pins with ideally rough interfaces. 
‘Inverse Formulation’ developed earlier for smooth interface has been successfully modified 
for this purpose. An incremental “Marching Solution” was introduced for handling advancing 
Contact, Comparison of solutions for smooth and rough interfaces has brought out some effects 
of friction on pin joints in composite plates under plate loads. Large friction (sufficient to inhibit 
interfacial slip and fretting) provides significant benefits to fatigue life. As a consequence, it 
is readily seen thar bondin, 0 the interface. wherever feasible. helps in increasin: the fatigue life 
significantly. T/Q results for zero and large friction would in general. provide bounds for the 
behavjour of aJoint with finite interfacial friction. 
~(.~1101,.(4~~rf~l(,llr.~-Thc contlnurng suppon tu OUT \\ork on structural jomh h\ the Aeronauti<> Research and De=,el_ 
opment hoard. India and the Lockheed Intem~twai Research Institute. Sm!ma. Georgia. I S .A. 1s gratefull\ ac_ 
knowledfed. 
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